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A bstr act
M ativ epropertie s of a er os ols and clouds on aglob als cale are str ongly needed fo rbetter
u nderstarLding ofEarth
ー
s radiatio nbudget. P O L D E Ra nd O C T Sse n s o rs w er e m o u nted o nthe earth
obs erv lng S atelliteA DEO S.FOLDE R is kno w n a s a u nlqtle S en s or
■a spolarizatio n m e as u re m ents and
m ulti-(upto 14)dlre Ctio nal viewing ofo n etarget･ We hte ndto sho wthatr etrie valofa er o s ols/clollds
am Bre%tlyimpr o v ed wifh thes e m u比卜dire ctio nalpolarizz[tio ninfor matio n. O CTSs ensorhas8spectral
bands 丘om visibleto n e ar-inB7Lred w a v el ngth regioll Simi la rto P O L D E Ra nd fo u rthe rm al ba ndsirk
the w a v elellgths 丘o m3to 12岬1･ Here the 10･9pm -bandis u sedto estim atethe clo udtoptemperatu re
be c au s e of thelessinfLu en ce of the ga s eo u s abso rptio n. h othe r w orld, thlS y o rkpropo s esthe
c o mbin edu s e ofPO L D E R- a nd O C TS-data fo rdete ctio n ofthe a er o s ol/clo ud cha r a cteristic s o v erthe
o c eall and o v erthela且d.
1. Intr odll Ctio n
GlobaldistribtJtion of-a e ros ol/clo ud prq) erties a re strongly needed fo rbette r t mderstanding of
Earthls clim a;te(King etal.,1999). Ther efo r ethe a e ro s olpropertie s s u ch a s optlC al th icknessフ Angsto m
Expo nent, C O mPle x re丘
.
a ctlVeindex etc
,
and the m l Odyn amic phas e of clo ud a nd optical alld/or
ge o m etricalproperties of cloud aretheimportaJltParaJn eterS Ofthe ea rth Global Cir c uhtio n M odel
(G C M)sim tlhtio n s. Nakajim a･ etal.(HiBtLr aShia nd Nakajim a,1999, Nakajim a etal.,1999)ha v e sho wn
the a ero s olprqperties o v erthe w o血d by u singrem ote se n slng S atellite s u ch a sN O A A / AⅥ1RR and
A D E O S / OCTS.1The sew o rks retrie v ed optical thicknes and Angstm m expo n ent ofa er os olsbas ed
o n tw o ペ)もan nel rehtio nship of visible a nd/or rLe a rinfrar ed radlan Ce m e a Su r e m mtS. Golo血 et
al.(1999)･a11d M 血 et al.(M 血i and San o, 1999, Sano alld Muka l, 2000)als oderiv ed a er os ol
param etersせo m A D E O S / P O L D E R da[ta .
TheP O L D E Rse nsor m eas uresbothofradian c e a ndpolariz atio n of theEarth
l
s r efkcta n c e at the
アaVelengths ofO･443, 0･670and O･865岬 I h addito ntheFO L D E Rs eqTLedial1y obtain sthefra m e
皿 age, ther efbreTe!ettheユight upto14 dirやons refle cted fro m on eta rget･ Her e w edes cribe a n
algorithm for r飢rle Vlng a eros olpr ope rties uslng both radianc e aJld polarizatio n a s w ellas their
m ufti- viewinginfor m atio nglV enbyP O L D E R･
Next clo ud_
retn ev alpro cedu r esqre sho w n･ Sin c eh alfo theEarth
'
s s u血 ceis c o v er ed with clo ud,
cloudplays allimportant rolein the energy bahn c e of atm o spher e-s u rfa c e syste m･ T her efo r e, in
orderto e stim atetheEa rth
'
s radiB(tio nbudget, n otonly a er os olsbutalso clotldpr operties a re n ec es sa ry
o n aglob alscale/Re centlyblo ud retrievalusing N O A A/A Ⅵ 皿R data ha sbe e npr opo s edフ Wher e
ef3e ctiv e radiu s opfclo udpa r[icles and optlC al thicknes s ar e eslir n ated 丘o m rene cfa n c ein visible a nd
n e arin 丘肝 ed w a v el ngthsOlakajim a etal., 1990)a nd the clo udtypeis cla ssifled by u singbrightn ess
te nlP9ratu reba sedo nthe split wh dow m ethod(In o u e, 1987)･ This W O rkpropo s esthe c o mbin ed u s e of
polan zatio ndatabyP O L D E R皿d ther mal databy OC TS fordetection ofthe clo ud co v e rage andits
the rm odyn amic phase･ Co mbinatio n of m ulti-s e nso rda[ta as w ellas the m ulti-spe ctral datalo oks
pr omislng tO eStlrnate the opticalpropertleS Of the cloud･ In addltio n, m ulti-dir ectio nalpolarizatio n
info rm a[tio npr o vided byFOLDER s en s o rha sa c apabilitytoim pro v ethe clo udretriev al.
2. Aeros ol Retrieval
Firstofal1a eros olsa mple sho uld bepr甲a red. Modela er os ols take the typicalvalu es ofre丑
･
a ctiv e
inde x(m), e･g･ 1133-iO10 fo r clean a ero s ols, 1･50-iO･005for w ater s oluble type
,
and du st a er os ols, and
l
･40-iO10for miⅩed c as e of bothtypes･ Aer os ol siz edistrlbutlO ntakes aslngle- m odelog- n o r mal
distributlO n･ The nodalr adius are s et up a so･o3, 0･07, 0･14and O･27ptl･ The wi dthoflog- n o r m al
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c u rv eisfix edto2･37 pn ･ The r ange ofAngstrom expo71eTrt(α)v a n es丘o m O10to 1.7fo r血epr es erlt
param eters, be ca u sethe valu e ofcL rehtestothe a er o s olsiz edistri bution a nd co lnPle x refra ctiv eind旺 .
T he opticalthickne s bfa eros olsis repres eTIted by T.
Aer os ol chara cteristicsis e stim ated ba s ed o n c oJTIParis o n of m e a su r e m ents byP O L DER withthe
c alculated valu es sto redinlook uptable(L U T)c o mpiled 丘o m m ultiple s c atte ru 1B Sirn uhtio n!in a n
atm o sphere-s e a s u rfac e m odel, T he c o mparis o nis m ade 丘o m plX elto pix el ofthe sa;telli王e m age.
Nam ely vie w ing a ngles of s un and s atellite oll e a chplX el of theim age co rre spo nd‾to aJIBle5 Of
in cident and s cattered light at a s catte n ngpr o c ess･ In otherw o rd, eachpix elof theim ag9Elv es e a ch
s c attering a ngleL Thu s a scattering a ngle c oIT ehtes radian ce/polariz atio n of a pix el of FO L D E R
im age witha sim ulated valu ein theL U T･ Therefor ein our a er os olr etrieval,theirlterPOlatio nprocess
with respe ct to a nglesis n e c e ss aryin o rderto estimate aproper sim ulated valu e c
,
oてrespo ndingto ax1
obs erva:t10 n alge o m etry. As a r es ul土 an opti miz eda ero s ol m odel is r etrie v edto m ln lmiz ethe r el如iv e
err orbetw e enthe m e asu re m e nts a nd the sim nla:tio ns at ea cll PIX el, O11 C e て alld α ha v ebe ellS et uP at
ea chplX el ofsateliteim age, the optl miz ed valu e of m c anbedetermin ed. At e v ery step m elTtio n ed
abov e, POLD E R dir ectional data ar e effe ctiv ely u s ed.
3. Cloud Rel.rie v al
First
, a pro cedure fo rdetectio n ofthe cloud isdes cribed. h gen eral, clo ud c o v er age m ap lS m ade
&oITlbothofreflectallC e andbrighh es stemperatu r e(Ro ss o w etal., 1991). T he refo r e refle ctaJIC e at
0,865ト皿IglVen byP O L D E Ra nd brightn e sste mper ature at10.9 岬Iby OC TSare usedfor otlr Clo ud
dete ctio n. Fu rther m o repolariz atio ntende n cy withsc atten ngangleis a vailablefor o urpres 611tStudy,
be c au seitina c as e ofcle ar skyis v erydi 飽re Ⅱt丘
-
om that underthe clo udy c ozlditio n. Thu spolariz ed
refle ctan c egiv e nbyPOLD ER is expe ctedtobe u s efu l fo r clo ud d占te ctio n(Buriez etal,, 1997). Ou r
clo ud dete ctio nalgori thm isba s ed o n a nide atha:t aplX el islabeled as clo udyifone of thefollo w lng
threetests pてovespositive;(1)the refle ctan c e atO1865岬 IbyP O L D E R is signiflC a ntlylargerthanits
clea r-sky estl m a[te,(2)brightn es ste mperatur e at10.9pm byO C TS islo w e r e n o ughtha 氾its cle ar･sky
estiln ate
,(3)polariz edr ede ctan ce atO1865pnbyP O L D E R islarger en o ughtha nits cle ar(sky esti'Tlate .
Ifallofthe abo v etestspro v e n egativ e, thepix elislabeled as clea r.
Ne xt
,
dlStin ctio n of ther modyn a micpha s eof thctopcloud is examinedllSingF O L D E Rand O C TS
data . The single sc atten ng sim tlhtio n s ofpolarized refle cta n c e ar e c o mpar ed with the pola riz ed
refl6Ctan Ce data BEt a W a Vele ngthof 0.865p n giv e nby POL D ER inord.er to distl nguish the w a,ter
clo ud 丘o mtheic e clo ud(Par oletal., 1999). Bec a u s e a ngula rte nde n cy ofpola n z edr ene ctan c e ofthe
w a;terdr opletis clea rly diffe reTlt 丘o m that ofthe ic e crystal. ThlSfa ct s ug gests a c apability to
distinguish thether m odyn amicpha s e ofthe top ofthe clo ud. Herethe valu es ofpolariz edr e8e ct皿 C e
ar e calculated 如r nM ie s c attering and thege o m etricaloptlCSfor w ater a nd ic e, r e spe ctiv ely. Be c au s e
ic epa rticles are a sum edto be hexagonalcrystal whichis de s cribed by the ray-tr acing teclm iqu e
(Ma cke,1993).
On the other ha nd
,
it is w ell kno w nthat ther m alte mperatu r eis a v ailable to dlStin ct the
therl mdyn arrLicphas e of w aⅠer. n e airbo rn edataby King et al.(1992)s uggests a valu e of 250 K for
the bo undary te mperぬ 1re tO distingtlish liquid w ater 丘o m ice. Thereforebrigb土n es te mperaLtu re
deriyed 丘o m O C TS data at a w a v ele ngthof10.9pnis al去o u s edto estim atethetherrn odyn amicphas e
ofclo udtop. Finalyitis ofizltereSt tO m ention thatthepolarizedreflectanc eat0.865ト皿 C anbe u s ed
n otonlythedistin ctio n of the w ater/ic e clotld butals o retrie valof the siz e andshapeofclo udparticles
bas ed o nlights catteringsimulatio n sUas u m oto etal).
4. Res ults
Glob al distr butio n s of a er o s ol/clo udpar a m eters are obtain ed by a v e raging allofthe retriev ed
results thr o ugho ut o n e- m o nth o v erthe whole w orld in clud ingboth land a nd o ce a11･ Fig･l sho w sthe
distributiolyS Ofa er os ol ptic al thickn ess at w a v el ngth of0.865 pn(-)and Angstro m expo n erlt(CL)in
No v e mber1996. Itis ofinterestto m erltio nthatthe aer os ols o v erthe c o astalz o n e sho w the n atural
fe atu re.
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Whenthe r n odyn amic phas e of w ater clo udtop 皿 dthat ofic e o n e ar e repr es e nted bybla ck and
white
,
r e spectiv ely, rdativ e o c cu rr en ce of w ater clo ud and ice clo ud du ring o n e m o nthis repres erlted
by gray s cale･ Fig12 sho w sglobalm ap ofclo udphas efrequ e n cy in No v e mber, 196. T his m ap IS
co mpiled by c o mbin atio n ofpol 血 ioninfo rm ationbyP O L D E Ra ndther m al da,tabvO CTS,
P O L D E Rand O C T S dab w e repr o vided byC N E SinFra n c e and N A S D A inJapan._ r e spe ctiv ely･
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